The establishment of a host-vector system in a thermophile, Bacillus stearothermophilus CU21 (14), was expected to provide many advantages for studies comparing thermophiles with mesophiles (12, 22). However, strain CU21 is transformed with only repB plasmids (high-copy-number plasmids such as pUB110), and the final cell yield is fairly low. In contrast, B. stearothermophilus SIC1 is a highly transformable thermophile (40) , and the maximum cell concentration of the strain SIC1 was much higher than that of strain CU21. In addition, SIC1 was transformed not only with repB plasmids but also with repA plasmids (lowcopy-number plasmids such as pTB53 and pTB522). By using the new host-vector system (B. stearothermophilus SIC1 and pTB53), the a-amylase gene of B. stearothermophilus (24) has been subcloned and expressed (40) .
The establishment of a host-vector system in a thermophile, Bacillus stearothermophilus CU21 (14), was expected to provide many advantages for studies comparing thermophiles with mesophiles (12, 22) . However, strain CU21 is transformed with only repB plasmids (high-copy-number plasmids such as pUB110), and the final cell yield is fairly low. In contrast, B. stearothermophilus SIC1 is a highly transformable thermophile (40) , and the maximum cell concentration of the strain SIC1 was much higher than that of strain CU21. In addition, SIC1 was transformed not only with repB plasmids but also with repA plasmids (lowcopy-number plasmids such as pTB53 and pTB522). By using the new host-vector system (B. stearothermophilus SIC1 and pTB53), the a-amylase gene of B. stearothermophilus (24) has been subcloned and expressed (40) .
To examine the feasibility of the strain SIC1 as a host, we attempted to express the intracellular protein gene, the insecticidal protein (IP) gene from B. thuringiensis, in B. stearothermophilus SIC1 by using the ax-amylase promoter of the thermophile. In the parental strain of B. thuringiensis, the IP gene is fully expressed during sporulation, and the gene product is accumulated as a parasporal crystal inclusion (2, 37). It has been reported that the crystal protein still retains insecticidal activity after heat treatment at 750C for 30 min (25) . Depending on the subspecies, the crystals are specifically toxic to lepidopteran, dipteran, or coleopteran larvae (2, 6, 37). Protein crystals toxic to lepidopteran larvae contain more than one IP with molecular masses ranging from 130 to 135 kilodaltons (kDa) .
A number of lepidopteran toxin genes were cloned from several serotypes of B. thuringiensis (11), and some of them were expressed in Escherichia coli (1, 7, 10, 18, 19, 28, 31, 32, 35, 36, 38) , B. subtilis (5, 9, 11, 18, 33), B. megaterium (34) , and Pseudomonas fluorescens (26) . When the IP genes were fully expressed in E. coli (27) or B. subtilis (33), well-formed crystals similar to those of the parental B. thuringiensis strains were observed in these cells. B. thuringiensis subsp. aizawai IPL7 synthesizes mainly 130-and 135-kDa IPs, which are toxic to lepidopteran larvae. The two IP genes were cloned and expressed in E. coli (27, 28, 32 (13) . Transformation of B. stearothermophilus was performed by using the protoplast procedure described previously (14) .
DNA manipulations. Plasmid DNA was isolated by the alkaline extraction method, as described previously (14, 15 
RESULTS
Subcloning of the IP gene. The 14-kilobase (kb) BamHIBglII fragment carrying the IP gene, its promoter, and its terminator was isolated from plasmid pAB6 (28) and subcloned in the BamHI site of pTB524 by using B. subtilis MI113 as the host strain. The recombinant plasmid was designated as pTAB2.
A SphI-PstI fragment (4.0 kb) containing the IP gene was prepared from pTB1 and introduced between the SphI and PstI sites of the multicloning site region of the plasmid pUC18. The resultant plasmid, designated pTC18, was digested with BamHI. The 3.6-kb BamHI fragment containing the IP gene was inserted in the BamHI site of pTB524 by using B. subtilis MI113 as the host strain. The recombinant plasmid was designated pTBB1.
An expression plasmid for B. stearothermophilus SIC1, designated pTBT-Pamy, was constructed as shown in Fig. 1 Fig. 2 . Subcloning of the 4.0-kb DraI fragment of pTBT-Pamy was attempted as described above by using the high-copynumber plasmid pUB110. The BamHI site of pUB110 was filled in with DNA polymerase I and ligated with the Dral fragment. Although the ligation mixture was used to transform B. subtilis M1113, no transformant was obtained. This might have resulted from considerable stress in the host strain. The same phenomenon has been reported for B. subtilis (17).
The expected nucleotide sequence of the promoter region of the expression plasmid pTBT-Pamy is shown in Fig. 2 . The sequence was constructed from the nucleotide sequence of P-amy (24) and the IP gene (28) . A putative promoter (TTGAAA for the - I--I region), which derived from P-amy, is similar to the consensus sequence recognized by the cr" RNA polymerase of B.
subtilis (24) . The plasmid pTBT-Pamy carries 72 base pairs of the 5'-flanking region of the IP gene, which is responsible for constitutive expression of the IP gene in E. coli (28 ( Fig. 3B, lanes 3 through 6) . Judging from intensity of the protein band, the amount of the protein produced by the strain was estimated to be 104 molecules per cell, which corresponded to about 2% of the total cellular proteins.
Production of the 130-kDa protein was examined as described above for B. subtilis M1113(pTAB2). The protein concentration was much less than that for B. subtilis M1113(pTBT-Pamy) (Fig. 4) (Fig. SA, lanes 3 and 4, and SB, lanes 1 and 2). In contrast, B. stearothermophilus SIC1 carrying pTBT-Pamy produced the 130-kDa protein, which was recognized by antibodies directed against the parental IPs (Fig. SB, lane 3) Figure 6 shows an immunoblot of the proteins. When the strain was grown at 55°C, the 130-kDa protein was detectable from the late log to the stationary phase (Fig. 6, lanes 3 through 5) , and degraded proteins, which were recognized by the antibodies, were observed at the stationary phase (Fig. 6, lane 5) . When the strain was grown at 50°C, the 130-kDa protein was detectable from mid-log phase (Fig. 6, lane 7 
